Introduction
Mathematics departments have not been overly enthusiastic about rethinking precalculus courses despite changes in calculus, changes in K-12 mathematics that have resulted from the NCTM Standards, and an increased emphasis on accountability. In four-year colleges and universities, there are faculty who equate precalculus with precollege mathematics or at best as the one mathematics course that students take to meet their graduation requirement. However, in the two-year colleges, precalculus often serves as a true pathway to calculus and majors that require a significant amount of mathematics.
For many years, calculus reform was the rallying point for mathematics faculty around the country. It involved much more than the addition or deletion of topics from the calculus curriculum. Rather, it initiated the fundamental questioning of what was really important for calculus students to know, particularly in the light of the increasing availability of technology in the form of computers, graphing calculators, and computer algebra systems. The balance of depth versus breadth, applications, and theory was questioned. Calculus reform was much more than just curriculum reform since it also demanded significant change in pedagogy and assessment. Today, even so called "traditional" mathematics courses and textbooks reflect elements directly attributable to calculus reform. With the history of collegiate calculus reform, why isn't precalculus reform being embraced by the mathematics faculty?
Initiating Curricular Change
What will it take for significant change to take place in the collegiate precalculus course?
Who needs to get on board for it to happen? Although the literature is relatively silent about the dean or administrator's role in curricular reform there are a few suggestions that indeed there is a role and informed deans can be advocates for change. In Crossroads in Mathematics: Standards for Introductory College Mathematics Before Calculus it is suggested that although the faculty have the primary responsibility for implementing educational reform, deans can facilitate reform by providing leadership, resources and incentives [1] .
A few years ago, when I was the chair of a mathematics department in which there was a limited amount of interest in implementing curricular change in some of the courses, I handed my dean an article by Lynn Steen. Steen articulated twenty questions that deans should ask their mathematics department if they wanted to improve mathematics instruction on their campus [7] .
Since the dean had not seen the article, this was a way to initiate a long overdue dialog between the dean and the mathematics department in order to accomplish change that would benefit our students. Steen's questions were independent of course, pedagogy, technology, or type of higher education institution, and are still applicable. Today, as we grapple with the issue of fundamental change in precalculus, the following questions based on Steen's earlier questions might be particularly relevant to the discussion:
• Who are the students at your institution and what mathematics preparation do they come with? • What do your students achieve in your precalculus course and in each of your other mathematics courses? • Do you know what happens to students after they leave your precalculus course?
• Is technology used extensively and effectively in mathematics courses?
• Are the mathematics faculty aware of the national discussion concerning the NCTM Standards, AMATYC Crossroads, Quantitative Literacy, and MAA's work on the first undergraduate mathematics course?
• What steps have your department taken to be sure that faculty are well-informed about curriculum studies and research on how students learn? • What resources are required to achieve the objectives that will result in change in your precalculus course? • How well do department priorities match institutional priorities?
Of course, since each institution is different, the answers to these questions will differ and should inform how each college addresses the issue of change in precalculus.
Deans should not sit around indefinitely waiting for mathematics departments to initiate needed improvements in their courses. There are a number of trigger points that should signal to a dean that the mathematics department needs to take a close look at what is going on in their precalculus course. If the department doesn't raise the issue of change, then the dean should raise it when one or more of these are present:
• The success rate in precalculus is significantly lower than for other introductory college level mathematics courses • The success rate in calculus I for students who complete precalculus at the institution is low • The number of students who successfully complete precalculus who go on to calculus I is small • Departments with courses with a prerequisite of precalculus are complaining about students' mathematics preparation for these courses • The pattern of student complaints about precalculus is different than for other introductory college level mathematics courses
One of the issues regarding precalculus reform is that there is not a well-defined definition as to what is meant by precalculus. In fact, at the national workshop held in December 2001, "Rethinking Precalculus", participants were talking about precalculus with a big P being different from precalculus with a small p. An additional source of confusion comes about because in some colleges, college algebra is the precalculus course. Since it's pretty clear that those of us in the mathematics community have some difficulty defining what is meant by a precalculus course, how can we expect those from outside of the mathematics community to understand the distinction between "Precalculus", "precalculus", and "college algebra" and advise students appropriately? So, to clarify discussion on precalculus course reform, this dean recommends that we come up with better names for these courses that clarify the intent of each of them. Then we can proceed on the task of reforming all three of these so called precalculus courses.
One of the courses, which today is often called "Precalculus," is for students who plan to continue on through a rigorous calculus sequence. The name "Precalculus" might even be reserved for this course. Another course is for students who expect to take a limited number of additional mathematics courses that might include applied calculus and/or statistics. Today such a course might be known as either "precalculus" or "college algebra". Finally there is the mathematics course that is frequently called "college algebra," that students take as their last college mathematics course. There are usually administrative policies that require this course to be called college algebra, but many different types of courses come under this name. For example, in Maryland, the Maryland Higher Education Commission (MHEC) initially planned to issue regulations defining the statewide general education requirement in mathematics for all two-year and four-year college graduates as college algebra. Mathematics faculty from around the state two-year and four-year public colleges got together and proposed a modification of the wording to "at or above the level of college algebra". Although this policy is not totally problem-free, introductory college level mathematics courses can be identified with a meaningful name that describes the actual scope of the course.
Let's start with the assumption that the purpose of the Precalculus course is to prepare students for a calculus I course. Does it make sense today, to offer the same type of manipulative oriented, skills driven, precalculus course that was offered in the past in which we assumed that most of the students in the class were going to be math majors or majors that required a significant amount of mathematics? Instead, shouldn't we be considering changes in pedagogy, content, type of applications and use of technology that are consistent with changes that have already been made in most calculus courses and in the K -12 preparation of the students who come directly from high school? This same argument can also be made for precalculus and college algebra courses.
Implementing Curricular Change
Case studies on curricular change in higher education are few and usually relate to changes in general education programs. Susan Kanter, Director of the Doctoral Program in
Higher Education Reform at the University of Massachusetts -Boston, suggests that change not be viewed as a one-time occurrence, but rather as a series of incremental happenings. She further asserts that successful implementation of curricular changes required the energies and talents of many faculty members. To the degree that the process was open and collaborative, it built trust and good will among and between faculty and administrators, and only this ensured that faculty felt committed to the eventual outcome. [3] An article [6] , contrasting what happened in the overhaul of general education at Duke
University as compared to Rice University, points to the need for political savvy, considerable time spent in anticipating objections, and the active participation of the dean. In this instance, the dean promised to provide the resources necessary to implement the new plan.
Robert Diamond suggests that in many institutions of higher education the faculty promotion, tenure and reward system doesn't recognize significant time and energy devoted to improving courses and curricula [2] . If this is the case, there is actually a disincentive for faculty to make changes to precalculus courses or any other course.
The Long Island Consortium for Interconnected Learning reported in its progress report for year one [4] and year two [5] on how one of the deans from a member institution said that evidence of instructional innovation would be required for promotion to Full Professor in his
College. This is an example of a dean taking on a leadership role and providing incentive for faculty participation in instructional innovation and curricular reform.
Making the Case to the Dean
Faculty who hope to initiate change in one of the precalculus courses at their college cannot assume that their dean is familiar with the issues surrounding the course. They need to be prepared to make a reasoned argument that makes the case as to how students at their college will benefit from the proposed change(s). A clear understanding of who enrolls in precalculus and what they take next is crucial. One of the most powerful arguments to make to a dean is that a reformed precalculus course will increase student success and satisfaction. You should be prepared with knowledge of the current status at your college of the course and its outcomes for students in addition to being acquainted with the existing literature that documents the need for this type of change in precalculus courses. Be ready to suggest new models for the course.
An implementation plan needs to include the goals to be accomplished by a reformed precalculus course, specific strategies to carry them out, and anticipated outcomes resulting from the implementation. It also needs an evaluation component so that the effectiveness of the change(s) can be documented. Don't forget that important outcomes may also be in the affective domain. Course objectives usually don't state that students completing a precalculus course will be interested in enrolling in an additional, non-required mathematics course, or that students completing a precalculus course will consider majoring in mathematics. In most other disciplines these are goals, so why shouldn't they be goals for mathematics courses too?
Finally, the dean needs to be given a realistic estimate of the resources necessary to implement a reformed precalculus course. Consider the resources needed to start the project as Depending on the teaching load at your institution, you may want to provide alternate time for faculty for this activity too.
Pilot First
A pilot implementation of a reform precalculus course provides the opportunity to observe the intended and unintended effects of the reformed course and make necessary adjustments. For colleges with large number of students and many different instructors, I would highly recommend this approach. This is also recommended when a mathematics department is not in general agreement as to the nature of a reform precalculus course.
The proposal for a pilot implementation of a reform precalculus should specify the length of time of the pilot, the number of sections to be included in the pilot, and the criteria to be used in deciding whether or not to go from a pilot to full implementation. For example, early on when our mathematics department piloted the use of graphing calculators in our precalculus course, there were those who were sure that students using graphing calculators would not perform well in calculus I. During the pilot we learned that students using graphing calculators did as well as those who did not use them even when they went on to take a traditional calculus I course. We learned other things as well including the fact that over half of our precalculus students did not take a calculus course with us during the two years following their successful completion of either version of the precalculus course. At the conclusion of the pilot, graphing calculators were required in all sections of precalculus.
Some of the criteria that you might consider to evaluate a pilot of a reformed precalculus course would be student success in the reformed precalculus course, change in student attitude towards mathematics, student success in their next mathematics course, and student enrollment patterns in an additional mathematics course. Although cost of a reformed course might not be a major consideration for faculty, this is something that deans need to consider. As a dean, I have chosen to go with an instructional choice that is somewhat more expensive when there has been a positive impact on student success. It is important to be open to changes or results that were not anticipated.
Support for Faculty Implementing Change
Professional development is an important component of implementing curricular and instructional change, particularly for the faculty who did not initiate the project. After all, the faculty who support change are already knowledgeable about the change while the others who will be teaching the course need to be brought on board. In a department where the majority of the faculty who teach precalculus are adjuncts or TA s, this can be a problem. If incentives can be provided, this is the place. They may be in form of travel to a conference, alternate time for project activities, or in the case of adjuncts, extra pay.
Although deans are not usually involved in the day-to-day implementation of curricular reform, it is a good idea to regular touch base with the project leadership to see how things are going and to find out what unexpected things are happening. Informal discussions with the rest of the faculty who are involved is quite valuable too. Finally, talk to the students. Whenever I sit in on a class, I always try to ask the students about the course at the end of the class period.
The student perspective is important and may help shape a better course.
Summary
It is easier to effect change in precalculus courses if the dean is on board than without the dean. The dean can be an ally when faculty recognize the need for change, or the dean can be the instigator when the mathematics department resists change. Be prepared to educate your dean about the issue and make sure that you understand the current state of affairs with respect to students in precalculus at your college. In this way there is a chance that you can make an effective case for how a reformed precalculus course will improve things for students.
